factors such as presence of impulse noise, exposure time, peak sound pressure, age and concomitant use of ototoxic drugs are important in the development of permanent hearing loss. [3, 4] Firearms cause impulse noise when fired. Impulse noise exposure levels should not exceed 140-decibel (dB) sound pressure levels (SPL). However, a rif le shot can produce an impulse noise up to 157 dB SPL. [5, 6] Soldiers in the military service are exposed to impulse noise during firearms training. The simplest method for prevention of acoustic overstimulation is use of hearing protection. However, laws in many countries do not regulate conditions and obligations of hearing protection use. [4] Acoustic trauma causes hearing loss by two main mechanisms including mechanical and metabolic pathways. Damage due to acoustic overstimulation in the organ of Corti causes hearing loss by a mechanical pathway while pro-inflammatory cytokines and hypoxia cause hearing loss through a metabolic pathway. [7] The prevalence of noise induced hearing loss among individuals using firearms is up to 40-60%. [6] Although the tissues in the cochlea are mechanically exposed to the same traumatic injury in case of acoustic trauma, the cochlea damage shows significantly individual differences. There is not enough literature about the cause of individual differences in acoustic trauma cases in terms of hearing loss.
In this study, we aimed to investigate the biochemical and hematological parameters of patients with acoustic trauma caused by gunshot noise by comparing them with age and sex matched healthy controls exposed to the same acoustic overstimulation.
PATIENTS AND METHODS
This study was conducted at the otorhinolaryngology clinic of GATA Haydarpaşa Training and Research Hospital. All investigations were performed in accordance with the declaration of Helsinki on biomedical studies involving human subjects, and informed consent was obtained from all participating subjects. Fifty-one male participants (mean age 23.1±3.4 years; range 21 to 36 years) admitted to the otolaryngology service between January 2011 and June 2013 were included in the study. The acoustic trauma group was constituted of twenty five patients admitted with hearing loss after the firearm training. Whereas the healthy controls were selected randomly from the participants without any complaint of hearing loss or tinnitus after the same firearm training. All the firearms trainings were performed with G3 (A3 automatic infantry rif le/1983, Heckler & Koch GmbH, Germany) rif les. Participants with a history of SNHL, chronic otitis media and smoking were not included in the study.
After taking a history and performing an otolaryngological examination, pure tone audiometry was measured at 0.5, 1, 2, 4, 6, 8, 10, 12.5, 14 and 16 kHz to detect the hearing threshold at each given frequency, using an AC40 clinical audiometer (Interacoustics AS, Assens, Denmark) in a sound-isolated room standardized according to the manufacturer's instructions. Air-conduction thresholds between 0.25 and 8 kHz were measured using TDH-39 earphones and an MX41/AR cover (Interacoustics, Assens, Denmark). Bone-conduction thresholds between 0.5 and 4 kHz were measured using an Oticon 60273 vibrator (Oticon, Smørum, Denmark). Pure tone average (PTA) was determined based on the air-conduction average threshold levels in each ear at 0.5, 1, 2, and 4 kHz.
Tympanometric measurements were performed, after swallowing, on both ears of the 25 patients in the study group and the 26 participants in the control group, for a total of 102 ears, using an Impedance Audiometer AZ 26 (Interacoustics, Assens, Denmark).
Bone conduction audiometry and tympanometry were used to rule out the presence of middle ear diseases that would have precluded obtaining valid measures.
Sudden hearing loss was defined as a >30 dB hearing level (HL) shift over three consecutive frequencies occurring within three days. However, there is no accepted threshold shift for AAT in the literature. In our study, the average hearing threshold of ≤20 dB HL at high frequencies (4, 6, 8, 10, 12.5, 14 and 16 kHz) was accepted as normal, whereas >20 dB HL was abnormal (AAT).
Complete blood count, serum electrolytes (Ca, Na, K, Mg, phosphorus), routine biochemical tests, levels of homocysteine, vitamin B12, thyroid hormone, and urinary methylmalonic acid levels were measured from the received blood and urine samples of the participants upon admission to the clinic. Also, A1298C and C677T polymorphism of methylenetetrahydrofolate receptor analysis were performed.
Statistical analysis
Data analysis was performed by SPSS version 21.0 (IBM, SPSS Armonk, NY, USA). Non-parametric tests were used because the groups studied were smaller than 30. Data were expressed as means and standard deviations or as a median and a range, when appropriate. Mann-Whitney U tests were used to compare the continuous variables between the study groups. The level of significance was set at 0.05.
RESULTS
Two age-matched groups were constituted to compare the biochemical and hematologic parameters of patients There were no significant changes between the two groups in terms of hemoglobin, hematocrit, platelet and mean platelet volume levels whereas, mean corpuscular volume was significantly higher in the acoustic trauma group than healthy controls (p=0.02).
While prothrombin time showed no significant change between the groups, activated partial thromboplastin time was significantly shorter in patients with acoustic trauma than healthy controls (p<0.001).
There was no significant difference between the groups in terms of serum Na, Ca and K levels, whereas Mg levels were significantly lower in the acoustic trauma group than in controls (p=0.02). However, despite the significant difference between the groups in terms of Mg levels, Mg levels were within normal ranges in both groups.
There was no difference between the study groups in terms of aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, albumin and thyroid hormone levels. However, we found a significant increase in creatinine levels in patients with acoustic trauma when compared with controls (p=0.02). Despite this significant difference creatinine levels were within normal ranges in both groups.
In addition, we found a significant decrease in serum folate and vitamin B12 levels in acoustic trauma patients (p<0.001, p=0.04, respectively). In contrast to folate and vitamin B12 levels, a significant increase was found in homocysteine levels in acoustic trauma patients (p<0.001).
Although, no difference was detected between the groups in terms of urinary methylmalonic acid, the mean value of urinary methymalonic acid in the acoustic trauma patients was higher than the normal values.
Finally, no difference was detected between acoustic trauma patients and healthy controls in terms of polymorphism of the A1298C and C677T methylenetetrahydrofolate receptor.
DISCUSSION
The current investigation produced three major findings. (i) Serum folate and vitamin B12 levels were decreased in patients with acoustic trauma when compared to healthy controls exposed the same acoustic overstimulation. (ii) Homocysteine levels were significantly increased in patients with acoustic trauma than in controls. (iii) Activated partial thromboplastin time was significantly shorter in patients with acoustic trauma than in healthy controls.
Acoustic trauma causes hearing loss by two main mechanisms which include mechanical and metabolic pathways. Inf lammatory cytokines and free oxygen radicals are produced in the inner ear after exposure to high intensity level sound in the metabolic pathway. Inf lammatory cytokines and free oxygen radicals cause a reduction in cochlear blood f low and lead to hypoxia. [8, 9] Severe acoustic overstimulation can mechanically cause loss and fusion of the inner ear sterocilia, loss of adjacent supporting cells and disruption of the organ of Corti. [10] There can be significant differences in severity of acoustic trauma-induced hearing loss even if they occur in the same environmental conditions and at the same sound level intensity. These differences may be due to individual susceptibility to noise. [2] Folate and vitamin B12 are both important determinants of plasma total homocysteine concentrations. Also, the low level of vitamin B12 is related with increased mean corpuscular volume. Higher homocysteine concentration (associated with low vitamin B12 status, and/or low folate status) was shown to be a risk factor for cerebral, coronary, and peripheral vascular disease. [11] [12] [13] Hence, elevated homocysteine concentrations associated with vitamin B12 or folate deficiencies could lead to an adverse effect on blood f low to the cochlea. [14] High urinary methylmalonic acid levels are associated with hiperhomocysteinemia as detected in our study. [11] [12] [13] Folate metabolism is involved in DNA methylation and nucleotide synthesis. [15] The enzymes represented by 5,10-methylenetetrahydrofolate reductase (MTHFR), which catalyzes the conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, are central to folate metabolism. MTHFR polymorphisms have attracted interest as causes of sudden sensorineural hearing loss. [16] [17] [18] [19] In this study, we investigated whether the MTHFR C677T and MTHFR A1298C polymorphisms are associated with acoustic trauma. However, we did not find any difference between the controls and acoustic trauma patients in terms of MTHFR polymorphisms.
Activated partial thromboplastin time was found to be below the normal values in the acoustic trauma patients. Sudden hearing loss is associated with vascular risk factors such as hyperfibrinogenemia and microembolisms. [20, 21] We did not know the exact reason of shortened activated partial thromboplastin time. It might be a result of hyperhomocysteinemia, which could affect the fibrinogen and cofactor levels in the intrinsic pathway of coagulation cascade.
Conclusion
Serum homocysteine levels are elevated with folate deficiency and homocysteine is thought to be both a vascular toxin and neurotoxin. Also, poor folate status could adversely influence the vascular and nervous system of the auditory system due to the role it plays in cellular metabolism, vascular perfusion, and myelin synthesis. In addition, vitamin B12 is a nutrient thought to have similar effects on cellular mechanisms in the cochlea and its deficiency is also thought to contribute to elevated serum homocysteine levels. Hence, folate, vitamin B12 and homocysteine levels should be investigated in the acoustic trauma patients.
Another possible reason for susceptibility to hearing loss is hypercoagulopathy, and the observed changes in blood clotting may contribute, at least in part, to the pathophysiological mechanism of acoustic traumainduced hearing loss.
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